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Abstract
We formulate the renormalization procedure using the domain wall regular-
ization which is based on the heat-kernel method. The Weyl anomalies for
the 2D QED and 4D QED are correctly reproduced. It is found that the
\chiral solution" produces (1/2)d/2  correct vales, where d is the space di-
mension. The renormalization procedure is newly formulated, where both
fermions and bosons (gauge elds) are treated on the equal footing. The
background eld method is quite naturally introduced. As for the treat-
ment about the loop-momentum integrals, an interesting contrast between
the fermion-determinant part and others is revealed. As explicit examples,
the mass and wave function renormalization of 4D QED are obtained at 1-
loop. We conrm the multiplicative normalization (not additive one), which
shows the advantage of no ne-tuning.
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1 Introduction
In the lattice world, the new era looks to begin [1, 2]. The so-called \dou-
bling problem" become claried and the chirality of fermions can be con-
trolled more eciently than before. We may say the new regularization has
been established in lattice. In accordance with this great development , the
counterpart in the continuum is progressing [3, 4, 5, 6, 7]. The merit of
such approach is rstly that we can clearly understand the essential part of
the new regularization, which is often hidden in the complexity of the dis-
cretized model, and we can compare it with the ordinary regularizations used
so far in the eld theory. The continuum version, at least, should explain the
qualitative features in the numerical simulation data of the lattice domain
wall. Secondly the new regularization established in lattice can be applied
to various (continuum) eld theories. The most important case seems SUSY
theories where the proper regularization respecting SUSY symmetry is still
lacking( for a recent good review, see [8]).
The domain wall approach so far, at least in the continuum approach, has
been focussed mainly on the fermion determinant with the external gauge
eld. (As for the lattice model analysis, the gauge eld quantum eect was
considered and the renormalizability was checked at 1-loop by [9].) Clearly
the situation is not satised in that the gauge eld is not treated on the
equal footing with the fermion and that the perspective for the higher or-
der (beyond 1-loop) quantum eects is not taken into account. Indeed the
fermion determinant could be the most delicate part among other parts, but
we must formulate it within the general setting in order to regard it as a new
regularization in the eld theory. This motivates us the present work.
Recently a new treatment has appeared in the continuum approach[10,
11]. The main idea is the following. Introducing the chirality into a system
can be regarded as a procedure to dene a direction in the system cong-
uration [10]. Usually we introduce it, in the (massless) spinor system, in
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terms of the projection operator (1  γ5)=2. \right" and \left" is regarded
as such congurations that the system is for or against the xed \direction"
determined by the eigen vales of the operator γ5: γ5 R = + R; γ5 L = − L.
Here we should recall the facts: 1) the heat propagates in a xed direction,
that is, from the high temperature to the low temperture (the second law
of the thermodynamiocs) and, generally, the heat equation prescribes such
behaviour; 2) The famous procedure to introduce the heat equation into the
general quantum system is the heat-kernel method[12]. The fermion determi-
nant has been so often examined in this method. (The anomaly is formulated
in this standpoint in [13].) We have shown the above idea works well if we
look at the 4 dim theory from the 1+4 dim space.
We summarize this new treatment in Sec.2. New results about 2D and
4D QED Weyl anomalies are added. In Sec.3, the renormalization procedure
is introduced and the (renormalized) eective action itself is used to derive
anomalies. At this stage, we still keep the gauge eld external in order to
make explanation simple. In Sec.4 we take into account the quantum eect of
the gauge eld and the equal treatment of fermion and gauge elds is realized.
We do the fermion self energy renormalization explicitly. In Sec.5, we present
the complete formulation combining the results of Sec.3 and 4. Finally we
point out that the domain wall regularization, as for the loop-momentum
integral, distinctly treats the fermion determinant part from other parts.
2 Domain Wall Regularization
For a fermion system described by the quadratic form L =  D^ where the
operator D^ satises
γ5D^ + D^γ5 = 0 ; (γ5)
2 = 1 ; (1)
the fermion determinant (the eective action) can be expressed as























)Tr (G5M+ (x; y; t) +G
5M
− (x; y; t)) ; (2)
where t plays the role of the inverse temperature, M is introduced here as
the regularization mass parameter. Aµ stands for the background gauge eld
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appearing in D^. We take M > 0 for simplicity. G5M+ and G
5M
− are dened as
G5M+ (x; y; t) =< xj expf+itγ5(D^ + iM)gjy > ;
G5M− (x; y; t) =< xj expf−itγ5(D^ + iM)gjy > ; (3)
and they satisfy the heat equations with the first derivative operator iγ5(D^+
iM). We call G5M+ and G
5M
− , \(+)-domain" and \(-)-domain" respectively.
The key observation is that the heat equations turn out to be the 1+4 dim
Minkowski Dirac equation after appropriate Wick rotations for t. For the
system of 4 dim Euclidean QED, D^ = iγµ(@µ + ieAµ); ( = 1; 2; 3; 4), they
are
(i n@ −M)G5M+ = ie /AG5M+ ; (Xa) = (−it; xµ) ;
(i n@ −M)G5M− = ie /AG5M− ; (Xa) = (+it; xµ) ; (4)
where /A  γµAµ(x) ; n@  Γa ∂∂Xa ; (a = 0; 1; 2; 3; 4). Now we can x
the above solution based on the another key observation that the system
should have a xed direction. Generally the solution of (4) is given by two
components[14]: 1) free solution G0(X; Y ), and 2) propagator S(X; Y ) as
the form G5M(X; Y ) = G0(X; Y )+
∫
d5Z S(X;Z)ie /A(z)G5M(Z; Y ). We should
not take Feynman propagator which has both retarded and advanced compo-
nents. We take the retarded and advanced propagators for (+)-domain and
(-)-domain respectively. (They are symmetric with respect to the positive
and negative energy parts.)
Symmetric retarded solution for G5M+ :
G0(X; Y ) = G
p
0 (X; Y )−Gn0 (X; Y ) ;
S(X; Y ) = (X0 − Y 0)(Gp0 (X; Y )−Gn0 (X; Y )) (5)
Symmetric advanced solution for G5M− :
G0(X; Y ) = −Gp0 (X; Y ) +Gn0 (X; Y ) ;
S(X; Y ) = (Y 0 −X0)(−Gp0 (X; Y ) +Gn0 (X; Y )) ; (6)
where G
p
0 (X; Y ) and G
n
0 (X; Y ) are the positive and negative energy free
solutions respectively:




















k2 +M2; ( ~Ka) = (E(k); Kµ = −kµ); ( Ka) = (E(k);−Kµ =
kµ). kµ is the momentum in the 4 dim Euclidean space. 2 ~K and K are
on-shell momenta( ~K2 = K2 = M2), which correspond to the positive and
negative energy states respectively. 3 The theta functions in (5) and (6)
shows the \directedness" of the solution. In this solution, both the positive
and negative states propagate in the forward direction in (+)-domain, while
in the backward direction in (-)-domain. We call (5) and (6) \symmetric
solutions". The above solutions satisfy the following boundary conditions.
G5M+ (Retarded)! −iγ54(x− y) as M(X0 − Y 0)! +0 ;
G5M− (Advanced)! +iγ54(x− y) as M(X0 − Y 0)! −0 : (8)
In this procedure, we naturally notice the existence of the \chiral" solution
4 .
Retarded solution for G5M+ :
G0(X; Y ) = G
p
0(X; Y ) ; S(X; Y ) = (X
0 − Y 0)Gp0(X; Y ) (9)
Advanced solution for G5M− :
G0(X; Y ) = G
n
0 (X; Y ) ; S(X; Y ) = (Y
0 −X0)Gn0 (X; Y ) (10)
They also express \directed" solutions, but do not satisfy (4), but satisfy its
chiral version in the large M limit (M=jkj ! 1).
(i n@ −M)G5M+ = ieP+ /AG5M+ +O(
1
M
) ; (Xa) = (−it; xµ) ;
(i n@ −M)G5M− = ieP− /AG5M− +O(
1
M
) ; (Xa) = (+it; xµ) : (11)
The conguration where the positive energy states propagate only in the
forward direction of X0 constitutes the (+)-domain, while the conguration
2The relation between 4 dim quantities(x and k) and 1+4 dim ones(Xa and Ka):
(Xa) = (X0; X = x); (Ka) = (K0; K = −k); KaXa = K0X0 − KX = K0X0 +
kx:
3Useful relations: −iK˜X = −iE(k)X0 − ikx; iK¯X = iE(k)X0 − ikx; M + n˜K =
M + E(k)γ5 + i /k; M − n¯K = M − E(k)γ5 + i /k:
4In ref.[10, 11], we called “Feynman path solution” because they are “invented” by
“dividing” the Feynman propagator,
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where the negative energy states propagate only in the backward direction
constitutes the (−)-domain. As seen from their simple structure, the chiral
solution has some advantages(, at least, in concrete calculations). The chiral
solutions satisfy the following boundary conditions.
i(G5M+ (X; Y )−G5M− (X; Y ))! γ54(x− y) as M jX0 − Y 0j ! +0 : (12)





 1 ; (ii) Mt 1 ;
(or jkµj M  1
t
) : (13)
This relation shows the delicacy in taking the \limit" in the 1+4 dimen-
sional regularization scheme. The condition (ii) comes from the usage of
the regularization parameter M in (2), whereas (i) comes from the necessity
of controlling the chirality without destroying the system dynamics. Note
the roles of the regularization mass parameter M for the t-axis and for the
xµ-axis are dierent. It restricts the conguration to the ultra-violet region
(t  jM j−1) in the extra space, whereas to the infra-red (surface) region in
the real 4 dim space (jkµj  jM j). In the momentum integral, the condition
(i) is taken into account, not by doing kµ-integral with the cut-o M but by
the analytic continuation in order to avoid breaking the gauge invariance.
The validity of the above regularization was conrmed in Ref.[10, 11].
We found the analogous aspects to the lattice domain wall: the domain wall
conguration, the overlap Dirac operator, the condition on the regularization
parameter M , e.t.c.. We also conrmed the chiral anomalies (for 2D QED,
4D QED and 2D chiral gauge theory) are correctly reproduced. One of
advantages of the present approach is the equal treatment both for the chiral
and for the Weyl aspect of the theory. To see the situation, let us apply
the above regularization to the Weyl anomaly calculation. We rst take the
simple model, 2D QED, for the later purpose. It is given, using the chiral
solution, as[11]
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(ii) Symmetric Sol.  G  , O(AA)5M
Fig.1 Abelian Gauge Theory, G5M+ , O(AA),(i) Chiral Solution and (ii)
Symmetric Solution.




0 . After the standard cal-






2. When we take the symmetric solution, we evaluate


















Tr !γ5(Gp0(X;Z)−Gn0 (X;Z))ie /A(z)(Gp0(Z;W )−Gn0(Z;W ))
ie /A(w)(Gp0(W;Y )−Gn0 (W;Y )) : (15)





have conrmed the similar situation in 4D Euclidean QED. The symmetric
solution gives the correct Weyl anomaly: ω lnJ = !(x) (e)FµνFµν ; (e) =
e2
12pi2
, where (e) is the -function in the renormalization group 5 . The chiral
solution gives one fourth of it.
Combined with the results for the chiral anomalies in [10, 11], we conclude
that the chiral solution gives (1=2)d/2 (d: space dimension) of the correct
5The general anomaly calculation based on the ordinary(not using domain wall) heat-
kernel is reviewed in [11].
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value of the anomaly coecients both for the chiral anomaly and for the
Weyl anomaly. The use of the chiral solution reduces the degree of freedom
by half for each double dimensions. This phenomenon looks like contrastive
with the lattice’s doubling species phenomenon.
3 Renormalization Procedure
In this section and the next one, we develop how to use the domain wall
regularization in the general eld theory. We now introduce the counterterm
action Γ[A] into the eective action Γ[A]  − lnZ[A]:
Γbare[A]  Γ[A] + Γ[A] ; (16)
in such a way that Γbare becomes nite. How to systematically dene Γ
and obtain the renormalization properties is the task of this section. Let us
take the simple model of 2D QED for the explanation. We consider the case
Γ is made of local counterterms. From the power-counting analysis, we
know




where cdiv is some (divergent) constant to be systematically xed. Now we









2(x− y) : (18)
In order to regularize t-integral in Γ[A], we introduce here another regu-
larization parameters  and T ( < t < T ; ! +0 ; T ! +1):













)Tr (G5M+ (x; y; t) +G
5M
− (x; y; t)) : (19)
T is regarded as the length of the extra axis.  is the \regularized point" of
the origin of the extra axis. It can also be regarded as the minimum unit of
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length (the ultraviolet cuto). T and  regulate the infrared and ultraviolet











d2W (Gp0(X;Z)−Gn0 (X;Z))ie /A(z)



















(−i)(Ω+(k)e−iE(k)(X0−Z0) − Ω−(k)eiE(k)(X0−Z0))ie /A(z)
(−i)(Ω+(l)e−iE(l)(Z0−W 0) − Ω−(L)eiE(l)(Z0−W 0))ie /A(w)
(−i)(Ω+(q)e−iE(q)(W 0−Y 0) − Ω−(q)eiE(q)(W 0−Y 0))e−ik(x−z)−il(z−w)−iq(w−y) :(20)
























Let us check above result by calculating the Weyl and chiral anomalies
directly from the eective action. (In (14),(15) and [11], anomalies have
been obtained from Jacobians.) The Weyl anomaly is obtained from the
scale transformation of  (or T ).
0 = e = +   +O(2) ;
Γbare =  [cdiv
∫
d2xAµ






which agrees with the known result. The chiral anomaly is obtained by the







6The 2 dim QED, L =  ¯i(6 @ + ie /A) , is invariant under the local chiral gauge trans-
formation:  ′ = ei(x)γ5 ; /A′ = /A− 1e 6 @  γ5:
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Both Weyl and chiral anomalies are correctly reproduced. 7 Note that the
chiral anomaly derived by the Jacobian, in [10], comes from O(A)-part of
G5M , whereas that derived here by the eective action comes from O(A
2)-
part. (As for the Weyl anomaly, the results by both approaches come from
O(A2)-part.)
We conclude this section with listing up all regularization parameters
introduced and compare them with the lattice situation. We have introduced
three parametersM;T; and . They should satisfy the following relations with
two variables: the 4-momentum kµ and the inverse-temperature t.

















In the above, we clearly see an important feature of the parameter M . Among
three relations above, the latter two are familiar ones. The interesting one is
the rst. So far (before the appearance of domain wall regularization) we do
not know such a regularization parameter that depends on the conguration
( specied by kµ and t in the present case) in this way. In the conclusion
of this paper, we will point out another important character of the present
regularization, which is obtained by the result above and that of the next
section. In the lattice domain wall case, they introduce four parameters:
m0; a; Ls; l[15]. The correpondence with the present case is
present paper Ref.[15]
M $ m0; 1+4 dim fermion mass
 $ a; lattice spacing
T

$ Ls; the total site number along the extra axis
T $ l; physical extent of one direction of the 4 dim box
(26)
The one extra parameter in the lattice comes from the fact that the extra
space is treated independently from the 4 dim space. It is adopted in the
7As for the chiral anomaly (24), the result depends on the renormalization condition
(18). Therefore this result (24) should be regarded that the consistent choice of the
renormalization condition exists. It looks the specialty of the 2 dim QED. There exits no
sensible kinetic term for the gauge part. A2-term is a mass term and breaks the gauge
invariance. If we start from the massless theory, the appearance of this divergent term
means, in the usual sense, non-renormalizable.
10
ordinary domain wall formulation, whereas the present one treats the extra
space as the space of the inverse temperature which appears in expressing
the determinant. In ref.[15], the 4 dim fermion mass mf is also introduced.
In such a case, we also introduce the mass parameter.
4 Quantum Effects of Gauge Fields and Higher-
Loops
We have discussed only on the fermion determinant for the external gauge
eld. In order for this approach to be regarded as an alternative new reg-
ularization for the general eld theories, the treatment on the gauge elds
should be promoted to the equal level to the fermion. The perspective for
the higher-loops should also be stated. We must treat both fermions and
gauge elds (bosons) on the equal footing. We devote ourselves on the point
in this section.
The present approach is quite naturally ts in the background eld method[16,
17]. We explain it taking again 4D Euclidean QED as an example. The
quantum eect of both the gauge (photon) eld and the fermion is taken
into account. We consider the massive fermion.







where the Feynman gauge is taken. According to the general theory of the
background eld method, full physical information is contained in the fol-
lowing background eective action.
e−Γ[χ,χ,A] =
∫




d4xfL[ +  ; +  ;A+ a]
−L[]
i




DaµD D  exp[−
∫
d4xfL2[ ;  ; a] + L3[ ;  ; a] g]
L2[ ;  ; a;; ;A] = i  γµ(@µ + ieAµ + im) − 1
2
(@µaν)
2 − e(  /a+  /a ) ;
L3[ ;  ; a] = −e  /a ;(28)
where (i) = (; ;Aµ) are the background elds and (i) = ( ;  ; aµ) are
the quantum ones. We notice the term L3 = −e  /a is the cubic power of
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quantum elds and contribute to the 2-loop and higher-loop orders. Terms
in L2 are all quadratic power and contribute only to 1-loop. Among them
the two terms, −e  /a and −e /a , are o-diagonal with respect to the
quantum elds. In order to diagonalize the 1-loop part , we redene the
quantum elds:  0 =  +  ;  0 =  +   ; a0µ = aµ + aµ. Here we choose
 ;  and aµ to be linear with respect to quantum elds in order to keep
the loop-order structure. We require the 1-loop part, L2[ ;  ; a], equal to




We choose  and   as
  (−i −6 @ − e /A−m) = −e /a ;
(i6 @ − e /A−m) = −e /a : (30)
From this choice, we know  and   are proportional to the vector quan-











e   /a− 1
2
e  /a g ;(31)
where the relations (30) are used. Then we see the solution aµ is obtained
as the expansion with respect to the coupling e beginning from order of e2.







ν damps suciently rapidly at the boundary jxµj = 1,




(γµ je +   jeγµ) : (33)
\je" means 1-st order of e, therefore RHS is 0-th order of e.
The eq (30) can be perturbatively solved as, requiring the natural condi-
tion that  and   vanish when the quantum elds vanish (aµ;  ;  ) = 0,
 (x) = −
∫
d4y SA(x− y)e /a(y)(y) = −
∫
d4y S(x− y)e /a(y)(y) +O(e2) ;
  (x) = −
∫
d4y e(y) /a(y) SA(x− y) = −
∫
d4y e(y) /a(y) S(x− y) +O(e2) ;(34)
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where SA; SA; S; S are dened by
(i6 @ − e /A−m)SA(x− y) = 4(x− y) ; (i6 @ −m)S(x− y) = 4(x− y) ;
SA(x− y)(−i −6 @ − e /A−m)y = 4(x− y) ; S(x− y)(−i −6 @ −m)y = 4(x− y) :(35)
SA(x − y) and SA(x − y) are the background dependent propagators. All
these propagators are Euclidean ones, therefore there is no ambiguity in the
choice of boundary conditions.
The path-integral expression (28) can be rewritten by the redened quan-
tum elds using the measure change:
DaµD D  = J Daν 0D 0D  0 ; J  @(aµ;  ;
 )
@(aν 0;  0;  0)
: (36)
Since we keep the linear relation in the choice of the redened quantum elds,
the Jacobian, J , does not depend on quantum elds.
e−Γ[χ,χ,A] = J 
∫
Daµ0D 0D  0 exp[−
∫




0)2 + terms for 2-loop and higherg] ; (37)
The 1-loop part in the integrand is just the quantity that we have discussed
in Sec.2 for the case m = 0 ( Sec.7 of [11] treats the case m 6= 0). Up to the
lowest nontrivial order, J is obtained as
J−1 =
@(aµ
0;  0;  0)
@(aν ;  ;  )
= det(µν









lnJ = e2Tr x=z,µ=ν
∫
d4yD(x− y)(y)γµS(y − z)γν(z) +O(e4) : (38)
This corresponds to the 1-loop fermion self energy. See Fig.2. Because the
Jacobian is decoupled from the main integral part, the regularization for
the divergences in (38) can be taken independently from the regularization
parameter M introduced in Sec.2. The quantity to be regularized in Sec.2
was det( 6 @+ie /A), while that in this section is roughly det(1+e2 1
∂2
 16∂). Both










Fig.2 Fermion Self Energy.
latter quantity, makes no chiral problem. (\1" denes the 0-th order (free)
propagator clearly. ) The (momentum) integral, corresponding to \Trace"
in (38), is done by the usual way appearing in the standard eld theory text
book. We explain the eective-action calculation in the coordinate space a
little more.









d4xD(x− y)(y)γµS(y − x)γµf(y) + (x− y)µ@µjy +   g
 Γχχ + Γχ∂χ +    ;(39)
where (x) is Taylor-expanded around y, and each expanded part is dened
by Γχχ,Γχ∂χ,  . D(x) comes from the photon propagation and is dened by










d4y (y)(y) + nite term ;








d4y i(y) 6 @(y) + nite term ; (40)
where we take the region of momentum-integral as 1
T
< jlµj < 1 where T and
 are introduced in Sec.3 as the infrared and ultraviolet cutos. Here we nd





















which is introduced in order to cancel the divergences of (40). Γ is \ab-
sorbed" by the mass renormalization m+ m and the wave-function renor-












Z3A; e + e; m+ m] ;















Especially the mass is renormalized in the multiplicative way at the 1-loop
level, as we expected. 8
5 Conclusion
Combining the results in Sec.3 and 4, we present the nal form of the renor-
malization prescription (, taking 4D QED as an example,) with the back-
ground eld gauge[17].
(i) = (; ;A) : Background elds ; (i) = ( ;  ; a) : Quantum elds ;















d4xfL[ + ] + Lgauge[a] + L[ + ]
− 
i
(L[] + L[])i −L[]−L[]g
]
; (43)
where the fermion determinant part only is regularized by the Domain Wall
regularization of Sec.2, and other parts by the cutos for the t-axis:  < t <
8In the present case, this result is rather trivial after we know that the Jacobian J
decouples from the M -involved part (fermion determinant part) at (37). In the lattice,
the 4D fermion mass is essentially introduced as the coupling m1 between the walls at
the two ends. In this case, whether the renormalized mass is propotional to m1 or not is
highly non-trivial, because M could appear additively simply from the dimensional reason.
The numerical simulation supports the multiplicative renormalization. This fact is very
important for no fine-tuning (good control of the small mass fermion) and for the validity




< jlµj < 1 ). The background eld gauge is chosen here and  is the
gauge parameter. L is obtained in such a way that Γbare becomes nite
















Renormalization parameters are obtained by






Z3A; e + e; m+ m] :(45)






because the background gauge invariance is preserved. Some comments are
in order.
1. Note that the background eld gaguge Lgauge in (43) is not Taylor-
expanded. The superiority of (43) is that the eective action Γbare is
guaranteed to be gauge invariant. (Compare it with the situation in
(27) and (28).)
2. At 2-loop and higher order, the gauge parameter suers from the renor-
malization eect.
3. The terms in the Taylor expansion of L play the role of subtracting
sub-divergences in multi-loop diagrams.
Through this analysis, the character of the domain wall regularization is
revealed. First point is the condition on the regularization parameters (25)
as stated in the text. The second point is the treatment for the fermion loop
(determinant) is dierent from the other types of loops which are irrelevant
to the chiral problem. The loop momentum for the former has the cuto as
jlµj  M whereas that for the latter as jlµj  1 . The two cutos have the
relation M  1

from the requirement (25). It is expected that the dierent
16
treatment does no harm to the nal physical results as far as the low energy
fermion and gauge bosons are concerned.
So far domain wall is discussed mainly for the determinant calculation for
the external gauge eld. In the present paper, we have formulated it into the
general eld theory framework, using the background eld method, where
the fermion and the gauge boson are equally treated. We can calculate any
term, in principle, of the eective action involving both fermions and gauge
elds. We have explicitly shown the renormalization for the fermion and
gauge wave functions and for the fermion mass. They agree with the known
results.
Acknowledgment
The author thanks H. Nicolai for reading the manuscript. He thanks the
hospitality at the Albert-Einstein-Institut where this work has been done.
References
[1] H.Neuberger,Talk at Chiral ’99,Sep.13-18,1999,National Taiwan Univ.,
\Overlap"
[2] M.Creutz,hep-lat/9904005,"Lattice Fields and Extra Dimensions"
[3] R.Narayanan and H.Neuberger,Nucl.Phys.B412(1994)574
[4] R.Narayanan and H.Neuberger,Nucl.Phys.B443(1995)305
[5] S.Randjbar-Daemi and J.Strathdee,Nucl.Phys.B443(1995)386
[6] S.Randjbar-Daemi and J.Strathdee,Phys.Lett.B348(1995)543
[7] S.Randjbar-Daemi and J.Strathdee,Phys.Lett.B402(1997)134




[10] S.Ichinose,BNL-preprint, Univ.of Shizuoka preprint, US-98-09, hep-
th/9811094, to be published in Phys.Rev.D, "Temperature in Fermion
Systems and the Chiral Fermion Determinant"
[11] S.Ichinose,Univ.of Shizuoka preprint, US-99-02, hep-th/9908156, "New
Regularization Using Domain Wall"
[12] J.Schwinger,Phys.Rev.82,664(1951)
[13] S.Ichinose and N.Ikeda,Phys.Rev.D53(1996)5932.
[14] J.D.Bjorken and S.D.Drell,Relativistic Quantum Mechanics (McGraw-
Hill,New York,1964);Relativistic Quantum Fields (ibid.,1965).
[15] P.M.Vranas,Phys.Rev.D57(1998)1415
[16] G. ’tHooft,Nucl.Phys.B62(1973)444
[17] S.Ichinose and M.Omote,Nucl.Phys.B203(1982)221
[18] Y.Shamir,Nucl.Phys.B406(1993)90
18
